Intrathecal baclofen VAED Victorian Admitted Episodes Dataset VCPR Victorian Cerebral Palsy Register WIES Weighted inlier equivalent separation AIM The overall aim was to investigate the feasibility and utility of linking a cerebral palsy (CP) register to an administrative data set for health services research purposes. We sought to compare CP hospital admissions to general childhood population admissions, and identify factors associated with type and frequency of admissions in a CP cohort.
INTERPRETATION By linking with administrative data sets, CP registers may be useful for health services research and inform health service delivery.
Cerebral palsy (CP) is an umbrella term for a group of permanent disorders of movement and posture that are caused by an injury or other disturbance to the developing brain. 1 Population-based CP registers exist in each Australian state and territory, 2 as well as in a number of defined regions of Europe, 3 Canada, 4 and the USA. 5 Traditionally, their primary function was to monitor trends in the incidence of CP. However, by linking CP registers to other data sets, researchers have been able to investigate a range of topics including antenatal and perinatal risk factors, 6 -8 mortality, 9 and immunization coverage 10 in population CP cohorts. In recent years, the ability of disease registers to inform health service management and evaluation through linkage with other data sets has been recognized, and internationally, cancer registries have been used extensively to investigate morbidity and health service use in this patient group. [11] [12] [13] Roder et al. 14 describe the role of the cancer register in this type of research as 'the data spine', around which data from other sources are linked to demonstrate patterns of service use in this population. Geographically-defined CP registers are well placed to play such a role in investigating the health service needs of individuals with CP.
The availability of population-based data on medical service use in the CP population is important given that CP is the most common cause of physical disability in children, and the need for specialist medical care in this group remains high throughout childhood and adolescence, and into adulthood. Though primarily a disorder of movement and posture, children with CP are more likely than their peers with typical development to experience other medical problems including epilepsy, feeding difficulties, compromised respiratory function, and progressive musculoskeletal pathologies. delivery for this group are evidence based. In addition, improved understanding of the frequency, type, and characteristics of admissions experienced by this group, and how these vary depending on the severity and complexity of a child's condition, could assist parents and health care professionals involved in caring for children with CP.
The primary aim of this study was to investigate the feasibility and utility of linking the CP register for the Australian state of Victoria to the state's hospital admissions database. In doing so, we hoped to estimate the proportion of hospital admissions throughout Victoria within a specific age range that were attributable to CP. Secondary aims were to compare admission characteristics between the CP cohort and the general population, and to identify clinical factors associated with the frequency and characteristics of admissions in the CP cohort.
METHOD Study design and setting
This was a retrospective data linkage study. The study was conducted at the Melbourne Children's campus, and was approved by the Human Research Ethics Committee of the Royal Children's Hospital, Melbourne.
Data sources The Victorian Cerebral Palsy Register
Victoria is the second most populated state in Australia, with a population of approximately 5.8 million people and 70 000 live births per year. 16, 17 The Victorian Cerebral Palsy Register (VCPR) collects data on individuals born or living in the state from 1970 onwards. New cases of CP are registered as soon as possible after diagnosis. Clinical information is obtained from the child's medical records soon after registration and it is updated around the time of their fifth birthday.
The CP cohort included in this study comprised registered cases born between 1st July 1995 and 30th June 2009 (i.e. aged 5-18y at the end of the study period -June 30th, 2014). Clinical information on each case extracted from the VCPR included severity of the gross motor impairment, as measured by the Gross Motor Function Classification System (GMFCS), 18 topography, primary motor type, epilepsy status, and use of a gastrostomy tube or intrathecal baclofen (ITB) pump.
The Victorian Admitted Episodes Dataset
The Victorian Admitted Episodes Dataset (VAED) contains data on all patient admission activity, including sameday admissions, at all public and private acute hospitals in Victoria. Data are collected by the Victorian Department of Health and Human Services. Collected data are categorized as follows: (1) admission data (e.g. date of admission, admission type, and intended duration of stay); (2) demographic data (e.g. age, sex, area of residence); (3) diagnosis and procedure data (one principal and up to 39 secondary diagnoses and up to 40 procedures per admission, coded using the 10th revision of the International Statistical Classification of Diseases and Related Health Problems ); and (4) separation data (e.g. date of discharge, length of stay, and funding arrangement). 20 Victorian public hospitals are funded by a combination of casemix and other funding systems. Casemix funding is based on a patient episode that is cost-weighted according to the reason for the admission and length of stay. A costweighted separation is called a weighted inlier equivalent separation (WIES). In general, the longer a patient stays in hospital, the more costly the episode will be, and the more WIES that will be allocated.
The VAED is internally linked, which means that individual patients can be followed up over time and data on all of their hospital admissions can be obtained. Data pertaining to all Victorian hospital admissions between July 2007 and June 2014 that involved individuals in the CP cohort were extracted from the VAED. Population control data were also obtained -that is, non-identifiable data pertaining to all admissions to Victorian hospitals during the study period where the patient had a date of birth between 1st July 1995 and 30th June 2009. Unqualified newborn admissions (i.e. routine newborn admissions where the child was not admitted to a special or neonatal intensive care unit) were excluded.
Data linkage
Data linkage between the VCPR and the VAED was undertaken by the Victorian Data Linkages Unit, situated within the Victorian Department of Health and Human Services. The linkage was undertaken using a stepwise deterministic approach. Deterministic linkage is one of the basic data linkage methodologies in existence (the second being probabilistic linkage). Deterministic linkage requires an exact match between linkage variables. Consequently, if any data entry errors were present, for example incorrect date of birth recorded on admission, true matches between the VCPR and the VAED would have been missed.
With the exception of 12 members of the CP cohort, all had a unit record number from one or both of the state's two tertiary paediatric hospitals. As the VAED is internally linked, once a patient is matched once, all of their other VAED encounters (i.e. admissions to other hospitals) can be identified. Consequently, for this project, linkage variables were identified as both tertiary hospitals' codes and unit record numbers, as well as date of birth and sex.
For step 1 of the linkage process, VCPR records were linked to the VAED records by the first tertiary hospital's code and unit record number. Those VCPR records that What this paper adds
• Cerebral palsy (CP) admissions are more costly than general childhood admissions.
• More admissions in children with CP are elective, occurring at metropolitan hospitals.
• Greater severity is associated with more emergency, multiday, and respiratory admissions.
• Neurological, respiratory, musculoskeletal, and digestive diseases account for most CP admissions.
• It is feasible to use CP registers for health services research.
linked with a VAED ID were considered 'matched'. For step 2, the second tertiary hospital's code and unit record number, as well as the other linkage variables, were used to link the remaining 'non-matched' VCPR records to the VAED. Linked data files were de-identified before being returned to the research team.
Statistical analysis
The principal discharge diagnoses, which describe the main reason for each admission after investigation, were classified according to the ICD-10 standard grouping of diseases. 19 For the CP cohort, relative risks (risk ratios) and 95% confidence intervals were calculated to compare the risk of having at least one admission over the study period across dichotomized groups of GMFCS, topography, primary motor type, epilepsy, gastrostomy tube, and ITB pump. Descriptive statistics were used to make comparisons between the CP and general population admissions, and between various subgroups of the CP cohort according to admission frequency, admission type, length of stay, diagnostic related groups, hospital region, and discharge diagnoses; the v 2 test was used for categorical variables and the Wilcoxon rank sum (Mann-Whitney) test for continuous variables. Minimum and maximum values, medians, and interquartile ranges are presented for skewed data, and pvalues are provided. All data analysis was carried out using Stata 14 (StataCorp, College Station, TX, USA).
RESULTS

Overview of findings
The CP cohort comprised 1748 individuals. Of these, 25% (n=445) had a severe gross motor impairment (GMFCS levels IV/V), 1080 (62%) had bilateral CP, 28% (n=493) had epilepsy, 13% (n=221) had a gastrostomy tube inserted, and approximately 2% (n=30) had an ITB pump in situ (Table I) . Spasticity was the primary movement disorder in the majority of children (n=1515; 87%) ( Table I) . Almost 91% of the CP cohort (n=1586) was positively matched with the VAED -that is, 91% was known to have had a hospital admission during their lifetime.
Overall, 80% of the CP cohort (n=1401) had at least one admission between July 2007 and June 2014 (same-day or multiday); this ranged from 70% in those classified as GMFCS level I to 93% in those classified as GMFCS level V. Increased risks for any admission were also observed for children with epilepsy, ITB pumps, and gastrostomy tubes, and among those with bilateral and dyskinetic CP (Table I) . Between 2007 and 2014, there were 728 990 admissions to Victorian hospitals involving an individual that fell within the age range of the CP cohort. Of these, 11 012 (1.5%) comprised children from the CP cohort (Table II) .
Differences between CP and general population admissions
Compared to general population admissions, a higher proportion of the CP admissions were classified as elective (66% vs 57%; p<0.001) and medical (71% vs 57%; p<0.001). In addition, a higher proportion of the CP admissions were to metropolitan hospitals than to hospitals located in regional areas (92% vs 78%; p<0.001). Overall, less variation was found within the assigned discharge diagnoses for children with CP compared to the general population. Four categories of diagnoses -diseases of the nervous, respiratory, musculoskeletal, and digestive systems -accounted for 61% of all CP admissions compared to approximately 36% of general population admissions (p<0.001) ( Table II) .
As outlined in Table III , the median length of stay and the median number of procedures per multiday admission were higher for children with CP compared to the general population of admitted children. The median length of stay for multiday CP admissions that were longer than one night was four nights (compared to three nights for non-CP admissions; p<0.001). Among multiday admissions that required at least one procedure, the median number of procedures was 3 (compared to 2 for general population admissions; p<0.001) ( Table III) .
The between group difference in length of stay was greatest for admissions due to respiratory diseases, where the median length of stay was 2.5 times higher in the CP admissions (5 vs 2 nights; p<0.001). For number of procedures, the difference was greatest in admissions classified as musculoskeletal (7 vs 4 procedures; p<0.001) (Table III) .
Overall, multiday CP admissions were more costly than general population multiday admissions, as demonstrated by the WIES allocations. The difference in funding allocated was greatest for admissions due to diseases of the respiratory and musculoskeletal systems. For CP admissions due to respiratory diseases, the median WIES allocation was 76% higher than that allocated for general population admissions, and for musculoskeletal admissions, the median WIES allocation was 120% higher (Figs S1-S5 and Table SI , online supporting information).
Admission frequency and characteristics in the CP cohort
Compared to those classified as GMFCS level I or II, the median number of both same-day and multiday admissions was higher in those classified in GMFCS levels III, IV or V (p<0.005). The same pattern existed for those with and without epilepsy, gastrostomy tubes, and ITB pumps (Table IV) .
A higher proportion of the admissions involving children functioning at GMFCS level V were classified as emergency (54%) and multiday (68%) compared to those functioning at GMFCS levels I, II, III, or IV. One-quarter of all admissions involving children classified in GMFCS level V were due to respiratory diseases, compared to 12% of GMFCS level IV admissions, and fewer than 6% of admissions involving those classified in GMFCS levels I, II, or III (p<0.001 for the difference in In Wilcoxon rank sum (Mann-Whitney) tests of the difference between CP and general population admissions in length of stay per overnight admissions of >1d, p<0.001 for admissions due to all diagnoses, and respiratory and digestive diseases; p<0.050 for admissions due to nervous diseases; p<0.005 for admissions due to musculoskeletal diseases. Min, minimum; Max, maximum; Med, median; IQR, interquartile range (25th-75th percentile). In Wilcoxon rank sum (Mann-Whitney) tests of the difference between dichotomized subgroup in the number of multiday admissions over the study period, p<0.001 for GMFCS, topography, epilepsy, gastrostomy tube, ITB pump, and p<0.001 for motor type. Min, minimum; Max, maximum; IQR, interquartile range (25th-75th percentile); GMFCS, Gross Motor Function Classification; IQR, interquartile range; ITB, intrathecal baclofen.
distribution of primary diagnoses across the five levels of GMFCS).
Admissions in children with better gross motor function were more likely to be due to diseases of the nervous system which includes diagnoses of CP and seizures (43% of GMFCS level I admissions and 41% of GMFCS level II admissions) and diseases of the musculoskeletal system (9% of GMFCS level I admissions, 10% of GMFCS level II admissions, and 17% of GMFCS level III admissions) ( Table V, and Tables SII-SIII, online supporting information) .
DISCUSSION
Cerebral palsy registers have not traditionally been used for health services research. This study demonstrates the feasibility and utility of linkage between a population-based CP register and an administrative health services data set. Key findings from this linkage project were that: (1) children and young people with CP represent approximately 1.5% of admissions in their age group; (2) compared to general population admissions, higher proportions of CP admissions are elective, medical, and occur in hospitals located in metropolitan areas; (3) children with CP have longer lengths of stay, undergo more procedures per admission, and accrue higher costs, compared to other hospitalized children; and (4) among children with CP, higher GMFCS level is associated with comparatively more admissions, more admissions for respiratory illnesses, and more admissions that are classified as emergency.
Our findings are consistent with those of groups in the USA and Canada. 21, 22 In the USA, Murphy et al., 22 using diagnostic codes to identify children with CP, compared admissions between children with and without CP, and reported longer lengths of stay and more procedures per admission for children with CP. They also reported children with CP to be more likely than other children to receive care in metropolitan and teaching hospitals located in urban areas. Although we were unable to obtain data on individual hospital type, we did find that CP admissions were more likely to occur in hospitals in metropolitan areas, where all the major tertiary and paediatric-specialist hospitals are located. Comparatively greater use of specialist hospitals in children with CP may be attributed to higher levels of medical complexity including technology dependency and the subsequent need for specialist paediatric medical care. In addition, many interventions, for example single event multi-level surgery and intrathecal baclofen therapy, are usually delivered at tertiary centres.
Other groups have also used diagnostic codes to identify children with CP from hospital admissions data sets. [23] [24] [25] Limitations associated with this methodology include a lack of data on CP severity and complexity as well as the potential to miss CP admissions where CP is not listed as a discharge diagnosis. In addition, many of these data sets are not internally linked which means that researchers cannot investigate the frequency of admissions in individual patients or ascertain exactly how many patients are responsible for the admissions in question. 23, 25 On the other hand, linking a CP register to an administrative health services data set to investigate service use in this population offers a number of advantages. First, it allows researchers to investigate service use in well-defined populations or birth cohorts of children with CP. Second, it ensures greater accuracy of CP diagnoses and eliminates the need to rely solely on hospital coding. Third, it allows more detailed analysis of how factors such as CP severity and complexity affect the rate of medical service use in children with CP.
In most Australian states, infrastructure support to enable data linkage has only recently become available to researchers. 26 Linkage of multiple data sets is most straightforward when the various data sets use a common unique identifier. Such unique identifiers are assigned at birth in many countries including Norway, Sweden, and Denmark; however, no such routinely captured unique identifier currently exists in Australia. For this reason, a combination of hospital identification codes, sex, and date of birth were used to link the two data sets involved in this particular project. Nonetheless, we were able to successfully match over 90% of our selected CP cohort to the VAED.
Limitations
The design of the VAED is such that all hospitals send a minimum data set of admitted patient data related to their centre's activities to the Victorian Department of Health and Human Services where the data are compiled into the VAED. As such, when data errors or inconsistencies were picked up by the research team, it was not possible to go back to the original data source for verification. It is possible that some members of the CP cohort were incorrectly matched; however, given the size of the study population and the large number of records, any errors would have been unlikely to influence our findings. Finally, although we received linked VAED data (i.e. person-level data) on the CP cohort, we obtained only episode-level data on the controls. Consequently, it was not possible to ascertain the frequency of admissions in the control population or the actual number of children responsible for the admissions in question.
CONCLUSIONS AND FUTURE DIRECTIONS
This project benefited from the use of a population-based CP register and the ability to extract clinical data pertaining to the CP cohort. The availability of patient-level, rather than episode-level, data on the CP cohort meant that the frequency of admissions in individual patients could be ascertained. It highlights the ability of CP registers to be used for health services research. To maximize the clinical impact of this type of research, CP registers should routinely collect information on comorbidities and medical device use which were shown to influence the risk of having a hospital admission in the current study.
In addition to demonstrating a potential new use for CP registers, findings from this study may also assist parents, medical professionals, and policy makers; despite the fact that CP is the most common childhood-onset physical disability, little is known about how and why children with the condition are admitted to hospitals, whether this differs greatly from the general childhood population, and how it is influenced by CP severity and complexity. Here we outline how CP admissions in Australia differ from, and are more costly than, general childhood admissions, and how even within the CP cohort, admission frequency and characteristics vary significantly.
The goal of health services research is to identify ways to organize, manage, finance, and deliver high quality care that will protect and improve the health of individuals and populations. 27 To achieve such a goal in the CP population, future research could focus on unnecessary or overuse of hospital inpatient services, preventable admissions, admissions before death, and re-admissions after surgical procedures, including the insertion of medical devices such as gastrostomy tubes. This type of research may identify priority areas for changes in current practice and facilitate education programmes for individuals with CP, their families, and care providers. This may reduce unnecessary hospital admissions and the associated negative impacts that they have on children and their families, ultimately improving patient care, outcomes, and health care experiences. from Murdoch Childrens Research Institute and the University of Melbourne. The authors have stated that they had no interests which may be perceived as posing a conflict or bias.
SUPPORTING INFORMATION
The following additional material may be found online: Figure S1 : WIES allocations for CP and general population multiday admissions -all diagnoses. Figure S2 : WIES allocations for CP and general population multiday admissions -respiratory diagnoses. Figure S3 : WIES allocations for CP and general population multiday admissions -neurological diagnoses. Figure S4 : WIES allocations for CP and general population multiday admissions -musculoskeletal diagnoses. Figure S5 : WIES allocations for CP and general population multiday admissions -digestive diagnoses.
Table SI: WIES (funding) allocation for multiday admissions, by disease category of the primary discharge diagnosis -comparison between cerebral palsy and general population admissions.
Table SII: Five (or more if multiple diagnoses had the same count) most common principal diagnoses for multiday admissions, by age group. 
